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An injection molded anti-scatter grid (20) is fab- 


rigid grid that renders conventional fiber-like interspace 



ricated from an engineered thermoplastic to form a fo- material unnecessary, and further allows the grid to be 
cused x-ray absorbent framework (30) defining a plural- flexed in one or more directions to change an effective 

ity of inter-spaces (44). The engineered thermoplastic focal length of the grid. The engineered thermoplastic is 
has higher yield strength than conventional anti-scatter loaded with high density particles in order to be x-ray 
grid fabrication materials, which produces a structurally absorbent, while still maintaining desired structural 

properties. 
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Description 

[0001] This invention relates generally to diagnostic 
radiography, and, more specifically, to x-ray anti-scatter 
grids for improving x-ray image contrast. 5 
[0002] During medical diagnostic radiography proc- 
esses, x-rays are directed toward an object from an x- 
ray source. When x-rays are used to create an image of 
an object, a portion of the radiation, i.e., direct radiation, 
passes directly through the object unimpeded from the io 
x-ray source and onto an x-ray detector to create an x- 
ray image on a photosensitive film or other suitable de- 
tector. Some of the direct radiation is differentially ab- 
sorbed by the object, which creates a shadow of the ob- 
ject on the film or detector. A portion of the radiation is 15 
scattered and arrives at the x-ray detector at an angle 
which deviates significantly from its original path from 
the x-ray source. The scattered radiation results in a 
"veil" superimposed on the absorption image, thereby 
reducing contrast of the radiograph image. To counter- 20 
act the reduced contrast due to scattered radiation, the 
amount of radiation exposure to the object is often in- 
creased. If scattered radiation is reduced or eliminated, 
contrast of the image can be enhanced, the radiation 
dose to the object (or patient) can be reduced, or both. 25 
[0003] Radiation scattering can be reduced by using 
an x-ray anti-scatter grid. Anti-scatter grids are typically 
fabricated from thin sheets of x-ray absorbing material 
arranged in a geometric pattern to absorb scattered ra- 
diation, and a non-absorbent, fiber-like spacer material 30 
between absorbent sheets that allows direct radiation to 
pass through the anti-scatter grid. In one type of anti- 
scatter grid, known as a focused grid, the absorbent 
sheets are arranged approximately parallel to the direct 
x-ray beams emanating from an x-ray source. In a fur- 35 
ther type of anti-scatter grid, known as a focused cross 
grid, the absorbent sheets are arranged in a mesh and 
focused along two substantially perpendicular axes. 
The cross grid is focused in two dimensions, and re- 
quires precise positioning of the anti-scatter grid relative *o 
to the x-ray source. The focal lengths of the focused 
grids are typically fixed, and the relative location of the 
x-ray source and anti-scatter grid must remain fixed to 
achieve acceptable radiograph results. It would be de- 
sirable to provide a variable focal length grid to allow 45 
more flexibility in setting up x-ray procedures. 
[0004] Focused anti-scatter grids are typically manu- 
factured by laying-up, or stacking, alternate layers of ab- 
sorbing material and spacer material and bonding them 
together. The grid components are aligned during as- so 
sembly to obtain the desired focus. Alternatively, very 
fine slits are formed in an x-ray transparent material in 
a focused pattern, and the slits are filled with x-ray ab- 
sorbing material to form a focused grid. See, for exam- 
ple, U.S. Patent Nos. 5,557,650 and 5,581,592. In yet 55 
another manufacturing technique, a photo-resist and 
chemical etching process is used to fabricate slightly dif- 
ferent layers of absorbing material in a mesh like pat- 



tern. The layers are stacked and appropriately bonded 
to form a focused cross grid. See, for example, U.S. Pat- t 
ent Nos. 5,606,589 and 5,814,235. Each of the above 
manufacturing methods, however, are complicated and 
tedious, and often result in large variations in grid qual- 
ity. 

[0005] Accordingly, it would be desirable to provide a 
focused anti-scatter grid that may be manufactured 
more quickly and easily in comparison to known x-ray 
grids. In addition, it would be desirable to provided an 
anti-scatter grid that has an adjustable, or variable, focal 
length. 

[0006] In an exemplary embodiment of the invention, 
an x-ray anti-scatter grid includes an integrally formed 
geometric grid structure defining a plurality of spaces. 
An inter-space material is located in the spaces, and the 
grid structure and inter-space material are configured to 
flex along at least one axis, thereby changing an effec- 
tive focal length of the grid. 

[0007] More specifically, the grid structure is injection 
molded and fabricated from a thermoplastic material to 
form a rigid but flexible grid that may be flexed along at 
least one axis to change the effective focal length of the 
grid. An injection molded cross grid could be flexed 
along a second axis to further improve x-ray image con- 
trast. By injection molding the grid from thermoplastic 
material, labor intensive manufacturing techniques of 
known anti-scatter grids may be avoided, and hundreds 
of anti-scatter grids may be manufactured quickly and 
inexpensively. 

[0008] Also, injection molding allows air to be used as 
the inter-space material, rather than fiber-like, low den- 
sity material used in conventional anti-scatter grids. Be- 
cause the fiber-like material absorbs a measurable por- 
tion of x-rays, by eliminating the fiber-like material, ra- 
diation energy that reaches the x-ray detector is in- 
creased. Consequently, a higher quality image is real- 
ized with a given radiation dose, or conversely, the ra- 
diation dose can be reduced while still achieving a high 
contrast image comparable to known anti-scatter grids. 
[0009] Therefore, a more versatile anti-scatter grid is 
provided that may be manufactured more quickly and 
easily relative to known anti-scatter grids, thereby re- 
ducing manufacturing costs of anti-scatter grids. 
[0010] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Figure 1 is a schematic view of a radiographic im- 
aging arrangement in a first configuration; 

Figure 2 is a perspective view of an exemplary one 
dimensional anti-scatter grid; 

Figure 3 is a partial perspective view of an exem- 
plary two-dimensional focused grid; and 

Figure 4 is a schematic view of the radiographic im- 
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aging system shown in Figure 1 in a second config- 
uration. 

[0011] Figure 1 is a schematic view of a radiographic 
imaging arrangement 10 including an x-ray source 12, 5 
such as an x-ray tube, that generates and emits x-radi- 
ation, or x-rays, toward an object 14. A portion of the x- 
rays are differentially absorbed by object 14 and a por- 
tion of the x-rays penetrate object 14 and travel along 
paths 16 as primary, or direct, radiation. Still another 10 
portion of the x-rays penetrates object 14 and is deflect- 
ed from paths 16 as scattered radiation. The direct and 
scattered x-rays travel toward a photosensitive film 18, 
and the exposure of film 18 creates a radiograph, or x- 
ray, image. In an alternative embodiment, imaging ar- is 
rangement 10 includes a digital system using a digital 
detector in lieu of photosensitive film 1 8. To increase the 
x-ray image contrast, radiograph imaging arrangement 
10 includes an anti-scatter grid 20. 

[0012] Anti-scatter grid 20, in one embodiment, is a 20 
focused grid including a plurality of x-ray absorbent 
members 22 arranged in a geometric pattern that is fo- 
cused, i.e., arranged approximately parallel to the direct 
x-ray beams emanating from x-ray source 12. There- 
fore, scattered radiation, or radiation that arrives at x- 25 
ray anti-scatter grid 20 at an angle different from its orig- 
inal path generated by x-ray source 12, impinges x-ray 
absorbing members 22 and the scattered radiation is 
substantially absorbed and prevented from reaching 
photosensitive film 18. Direct radiation passes through 30 
anti-scatter grid 20 between x-ray absorbent members 
22 for exposure with photosensitive film 18 to generate 
a clear radiograph image. 

[001 3] Figure 2 is a perspective view of exemplary fo- 
cused anti-scatter grid 20 fabricated from an injection 35 
molded engineered thermoplastic into an integral frame- 
work 30 of x-ray absorbent members 22. A plurality of 
flat sheets 32 of x-ray absorbent material are arranged 
generally parallel to a longitudinal axis 34 of anti-scatter 
grid 20, but generally inclined to one another to form a *o 
focused geometric grid 20 along a longitudinal dimen- 
sion of grid 20. Each x-ray absorbent sheet 32 is con- 
nected at a respective top edge 36 and bottom edge 38 
of each sheet 32 by a first cross member 40 and a sec- 
ond cross member 42 substantially parallel to first cross 45 
member 40. Framework cross members 40, 42 maintain 
absorbent sheets 32 in proper position relative to one 
another and strengthen or rigidify anti-scatter grid 20 for 
handling during x-ray procedures. Framework cross 
members 40, 42 are essentially x-ray transmissive. A so 
plurality of inter-spaces 44 are formed between x-ray 
absorbent sheets 32 and each inter-space 44 receives 
a spacer material that is x-ray transmissive, i.e., sub- 
stantially non-absorbent of x-ray radiation, so that direct 
radiation travels through inter-spaces 44 substantially 55 
unimpeded. Integral molding of x-ray anti-scatter frame- 
work 30 renders conventional fiber-like inter-space ma- 
terial structurally unnecessary so that, in one embodi- 



ment, inter-space material is air. In alternative embodi- 
ments, fiber-like inter-space material known in the art is 
arranged between x-ray absorbent sheets 32, and 
framework cross members 40, 42 may be removed 
when the assembly is complete. 
[0014] In one embodiment, x-ray anti-scatter grid 20 
is injection molded from an engineered thermoplastic 
material loaded with high density particles for x-ray ab- 
sorption, yet with a sufficiently high yield strength suita- 
ble for x-ray applications and suited for injection or com- 
pression molding using conventional equipment. Suita- 
ble high density particles for use in loading the thermo- 
plastic material are known in the art, and include, for 
example, lead, but non toxic alternatives such as cop- 
per, tungsten , and the like may be appropriately select- 
ed to avoid toxicity issues. 

[0015] One such suitable thermoplastic material, for 
example, is an ECOMASS™ compound that is commer- 
cially available from M.A. Hannah Engineered Materials 
of Norcross, Georgia. ECOMASS™ is a tungsten-ther- 
moplastic mix that can be formulated to have a density 
equal to lead, which has been conventionally used to 
fabricate x-ray absorbent sheets, but with a greater yield 
strength than lead. Thus, a higher yield strength of anti- 
scatter grid 20 fabricated from ECOMASS™ is not only 
more structurally sound than conventional anti-scatter 
grid materials but is pliable or flexible, as further de- 
scribed below, along one or more axes of the grid, such 
as longitudinal axis 34. 

[0016] In addition, by injection molding anti-scatter 
grid 20, tedious manufacturing processes conventional 
in the art may be avoided, and anti-scatter grid 20 may 
be manufactured more quickly and more reliably than a 
conventional focused grid. 

[001 7] Figure 3 is a partial perspective view of another 
embodiment of an anti-scatter grid 50, including two 
substantially perpendicular axes 52, 54 along which x- 
ray absorbent sheets 56 are arranged in a parallel fash- 
ion with respect to axes 52, 54, but inclined relative to 
one another to form a two-dimensional focused grid 50. 
In other words, anti-scatter grid 50 is focused in two di- 
rections. Thus, a focused mesh is created that defines 
inter-spaces 58 between x-ray absorbent sheets 56. A 
spacer material that is x-ray transmissive, i.e., substan- 
tially non-absorbent of x-ray radiation, is received in in- 
ter-spaces 58 so that radiation travels through inter- 
spaces 58 substantially unimpeded. Integral molding of 
x-ray absorbent sheets 56 renders conventional fiber- 
like inter-space material structurally unnecessary so 
that, in one embodiment, inter-space material is air. In 
alternative embodiments, fiber-like inter-space material 
known in the art is arranged between x-ray absorbent 
sheets 56. 

[001 8] Anti-scatter grid 50 is integrally fabricated from 
an injection molded engineered thermoplastic, such as 
ECOMASS™ into a framework of x-ray absorbing mem- 
bers or sheets 56. Using conventional equipment and 
conventional techniques, a high density, high yield 
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strength mesh framework is formed into a focused cross 
grid while eliminating the manufacturing challenges of 
conventional cross grids. 

[001 9] Because of the increased yield strength afford- 
ed by the engineered thermoplastic material, anti-scat- 5 
ter grid 50 is pliable and may be flexed about one or both 
of axes 52, 54 to adjust or vary a focal length of grid 50 
in one or more directions. For example, by flexing grid 
50 about both axes 52, 54 a substantially equal amount, 
a substantially spherical focused grid may be formed io 
and used for a certain x-ray procedure. To accommo- 
date a different procedure, grid 50 may be flexed in an 
opposite fashion and returned to its previous form. Thus, 
a wide variety of interim anti-scatter grid configurations 
may be realized in a single grid 50 to accommodate a 15 
large number of x-ray procedures. It is contemplated 
that a grid could be formed having different stiffness 
along pre-determined axes to allow easier flexing in one 
direction than in another, or to prohibit flexing in a given 
direction but allowing it in others to facilitate acquisition 20 
of desired focal lengths. 

[0020] Figure 4 illustrates radiographic imaging ar- 
rangement 10 including a flexed anti-scatter grid 60, 
which may be a one dimensional focused anti-scatter 
grid, such as grid 20 (shown in Figure 2), or a two di- 25 
mensional focused anti-scatter grid, such as grid 50 
(shown in Figure 3) to adjust the focal length of imaging 
arrangement 1 0. When anti-scatter grid 60 is flexed, an 
orientation of absorbent sheets and inter-space material 
is altered, and hence the effective focal length of grid 60 30 
is changed to accommodate different requirements of 
different x-ray procedures. 

[0021 ] Thus, unlike conventional focused anti-scatter 
grids, a cost-effective, easily manufactured and strong- 
er anti-scatter grid is provided using non toxic materials. 35 
Elimination of fiber like inter-space material increases 
contrast of radiograph images, and the higher yield 
strength of engineered thermoplastics allows a more 
versatile grid capable of flexing between two or more 
interim positions to accommodate a variety of x-ray pro- *o 
cedures. Due to elimination of conventional fiber-like in- 
ter-space material that absorbs a measurable portion of 
x-rays, a higher quality image is realized with a given 
radiation dose, or conversely, the radiation dose can be 
reduced while still achieving a high contrast image com- 45 
parable to known anti-scatter grids. 
[0022] For the sake of good order, various aspects of 
the invention are set out in the following clauses:- 

1 . A variable focal length x-ray anti-scatter grid com- so 
prising: 

a plurality of pliable radiation absorbent mem- 
bers geometrically arranged relative to one an- 
other to absorb scattered radiation; and 55 
inter-space material between said radiation ab- 
sorbing members. 



2. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 1 wherein said plurality of t 
radiation absorbent members are integrally formed. 

3. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 2 wherein said plurality of 
absorbent members are injection molded. 

4. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 1 wherein said grid is con- 
figured to flex along at least one axis, thereby al- 
lowing interim adjustment of an effective focal 
length of said grid to accommodate different x-ray 
procedures. 

5. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 4 wherein said grid is con- 
figured to flex along a second axis. 

6. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 1 wherein said radiation 
absorbent members are fabricated from a loaded 
thermoplastic mix. 

7. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 1 wherein said inter-space 
material is air. 

8. A variable focal length x-ray anti-scatter grid in 
accordance with Clause 1 wherein said radiation 
absorbent members are focused for convergence 
with an x-ray source. 

9. An x-ray anti-scatter grid comprising: 

an integrally formed geometric grid structure 
defining a plurality of spaces; and 
an inter-space material located in said spaces, 
said grid and said inter-space material config- 
ured to flex along at least one axis, thereby al- 
lowing interim adjustment of an effective focal 
length of said grid to accommodate different x- 
ray procedures. 

10. An x-ray anti-scatter grid in accordance with 
Clause 9 wherein said grid structure is injection 
molded. 

11. An x-ray anti-scatter grid in accordance with 
Clause 9 wherein said grid structure is fabricated 
from a loaded thermoplastic material. 

12. An x-ray anti-scatter grid in accordance with 
Clause 11 wherein said thermoplastic material is a 
tungsten-thermoplastic mix. 

13. An x-ray anti-scatter grid in accordance with 
Clause 9 wherein said inter-space material is air. 
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14. An x-ray anti-scatter grid in accordance with 
Clause 9 wherein said grid structure comprises a 
cross-grid. 

15. An x-ray anti-scatter grid in accordance with 5 
Clause 14 wherein said grid and said inter-space 
material is configured to flex along at least a second 
axis. 

1 6. A method of improving x-ray image contrast with io 
a variable length x-ray anti-scatter grid for use with 

an x-ray source emitting direct x-rays, said x-ray an- 
ti-scatter grid including an integrally formed geo- 
metric grid structure defining a plurality of spaces 
and an inter-space material located in the spaces, '5 
the x-ray anti-scatter grid focused along at least one 
axis at a first focal length for a first x-ray procedure, 
said method comprising the steps of: 

selecting a second focal length for use in a sec- 20 
ond x-ray procedure; flexing the anti-scatter 
grid along the at least one axis until the second 
focal length is obtained; and 
positioning the anti-scatter grid between the x- 
ray source and the x-ray detector at the second 25 
focal length so that the anti-scatter grid absorbs 
radiation that is non-coincident with the direct 
rays of the x-ray source. 



accordance with Claim 1 , 2 or 3 wherein said grid 
is configured to flex along at least one axis (34), 
thereby allowing interim adjustment of an effective 
focal length of said grid to accommodate different 
x-ray procedures. 

5. An x-ray anti-scatter grid (20) comprising: 

an integrally formed geometric grid structure 
(30) defining a plurality of spaces (44); and 
an inter-space material located in said spaces, 
said grid and said inter-space material config- 
ured to flex along at least one axis (34), thereby 
allowing interim adjustment of an effective focal 
length of said grid to accommodate different x- 
ray procedures. 

6. An x-ray anti-scatter grid (20) in accordance with 
Claim 5 wherein said grid structure (30) is injection 
molded. 

7. An x-ray anti-scatter grid (20) in accordance with 
Claim 5 wherein said grid structure (30) is fabricated 
from a loaded thermoplastic material. 

8. An x-ray anti-scatter grid (20) in accordance with 
Claim 7 wherein said thermoplastic material is a 
tungsten-thermoplastic mix. 



1 7. A method in accordance with Clause 1 6 wherein 
the grid and inter-space material are configured to 
flex along a second axis, said method further com- 
prising the step of flexing the anti-scatter grid along 
the second axis to form a substantially spherical 
grid. 



Claims 

1. A variable focal length x-ray anti-scatter grid (20) 
comprising: 

a plurality of pliable radiation absorbent mem- 
bers (22) geometrically arranged relative to one 
another to absorb scattered radiation; and 
inter-space material between said radiation ab- 
sorbing members. 

2. A variable focal length x-ray anti-scatter grid (20) in 
accordance with Claim 1 wherein said plurality of 
radiation absorbent members (22) are integrally 
formed. 

3. A variable focal length x-ray anti-scatter grid (20) in 
accordance with Claim 2 wherein said plurality of 
absorbent members (22) are injection molded. 



30 9. a method of improving x-ray image contrast with a 
variable length x-ray anti-scatter grid (20) for use 
with an x-ray source (12) emitting direct x-rays, said 
x-ray anti-scatter grid including an integrally formed 
geometric grid structure (30) defining a plurality of 

35 spaces (44) and an inter-space material located in 
the spaces, the x-ray anti-scatter grid focused along 
at least one axis (34) at a first focal length for a first 
x-ray procedure, said method comprising the steps 
of: 

40 

selecting a second focal length for use in a sec- 
ond x-ray procedure; flexing the anti-scatter 
grid along the at least one axis until the second 
focal length is obtained; and 
45 positioning the anti-scatter grid between the x- 

ray source and the x-ray detector at the second 
focal length so that the anti-scatter grid absorbs 
radiation that is non-coincident with the direct 
rays of the x-ray source. 

50 

10. A method in accordance with Claim 9 wherein the 
grid (50) and inter-space material are configured to 
flex along a second axis (52), said method further 
comprising the step of flexing the anti-scatter grid 
55 along the second axis to form a substantially spher- 
ical grid. 



4. 



A variable focal length x-ray anti-scatter grid (20) in 
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